The structure of the series of new thiazolo[3,4-a]quinoxalines are described. X-ray crystal structure determination reveals significant differences in supramolecular structures of substituted thiazolo[3,4-a]quinoxalines which depends on whether the solvent molecules are involved in the crystal formation. It was shown that the separation of hydrophilic and hydrophobic regions observed in the crystals might be considered in the terms of the theory of microphase separation in block polymers. The type of supramolecular structures was found to depend on the volume ratio of hydrophilic-hydrophobic molecular fragments.
Introduction
The compounds of diazine family are one of the most important groups of biologically active heterocycles. Among them polycondensed heterocycles, containing a 1,4-diazine fragment, such as folic acid, riboflavine, tetrahydrobiopterin, kxantopterin play an important role in the physiological process. 1 Various derivatives of quinoxaline possess a wide spectrum of biological activity, including antimicrotubule, antitumor and antivirus activity, including AIDS.
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We have recently reported a suitable method of the synthesis of thiazolo [3,4-a] quinoxalines on the basis of the condensations of the intermediate products of the Hantzsch reactions -4-hydroxythiazolidines with 1,2-phenylenediamines.
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In this paper we report the molecular structure and crystallographic peculiarities of novel synthesized thiazolo [3,4-a] quinoxalines (1, 2, 3) . It should be noted, that besides the usual approach to the study of supramolecular structures based on the analysis of hydrogen bonding and other weak interactions, we have used an additional approach based on the model of localization of hydrophilic and hydrophobic regions in organic crystals, which we revealed earlier [7] [8] . The latter model was used for analyzing the supramolecular structure not only of quinoxalines but also of similar compounds. Strong intermolecular interactions of atom H5 of the molecule (1) with the oxygen O100 and sulfur S50 atoms of the DMSO molecule were observed in the crystal with the following parameters of interactions: d(H5…O100) 1.84(4)Å, < (N5-H5..O100) 176 (3) o and d(H5…S50) 2.83(3)Å, < (N5-H5..S50) 149(3) o respectively. Interactions of a π-π type were observed only between the pairs of molecules linked by the symmetry operation (2-x,2-y,-z). The distance between planes is 3.43(3)Å and the dihedral angle is 0 o . These dimers of molecules are surrounded by solvate DMSO molecules (Fig.2) . Their hydrogen bonds with dimers leads to the formation of a two-dimensional layered supramolecular structure. The inner part of these layers consists of hydrophilic tricyclic fragments of molecules and solvate DMSO molecules, and the external part -of hydrophobic phenyl substituents. Each successive layer is rotated 90 o from the previous one. (2) showing intermolecular hydrogen bonding and layer formation. Hydrogen atoms which do not participate in hydrogen bonding are omitted.
Results and Discussion
The mutual arrangement of molecules in crystal is characterized by the parallel packing of layered supramolecular structures mentioned above along the 0z crystallographic axis. It is interesting to note that in such a type of molecular packing the localization of hydrophilic and lipophilic regions is also observed. The more hydrophobic fragments of the molecules are located between the layers of hydrogen-bonded molecules.
1-Arylimino-3-phenyl-7-methyl-4,5-dihydro-2-oxo-thiazolo[3,4-a]quinoxaline (3).
As distinct from previous compounds, the molecules of (3) crystallize without involvement of solvate molecules. The molecule is in a general position in the crystal. However the plane of the tricyclic fragment of the molecule is essentially distorted. In particular, the deviations of the S2 and N1 atoms from the plane of tricycle by -0.208(2)Å and 0.273(5)Å, occur on different sides of the plane, respectively. The atoms C3 and C3a are deviated by -0.380(7)Å and -0.204(7)Å respectively from the tricycle plane. The dihedral angle between the tricycle plane and the phenyl ring (C31-C36) is 43.5 (3) o . During the refinement of the crystal structure of compound (3) it was clarified, that second phenyl substituent is disordered over two equivalent positions (one of the possible positions is shown in Figure 5 ). The system of hydrogen bonding in (3) is essentially different from that observed in the previous compounds. The basic hydrogen bonding motive in the crystal are the dimers of molecules formed by a pair of hydrogen bonds of a N-H…O type between two molecules linked by the symmetry operation (2-x,-y,1-z), with the following parameters of interaction: d(H5…O4) 1.79(3)Å, <(N5-H5.O4) 164
o . This type of interaction is characteristic of such a type of structures and practically leads to the lack of other types of interactions between molecules in the crystal. Contacts of the π-π type between molecules result in the formation of sloping stacks of dimers of molecules along a crystallographic axis 0x. These stacks represent supramolecular fragments of a cylindrical (rod-like) type. In terms of such fragments the supramolecular structure in the crystal (3) can be represented as tetragonal type antiparallel packing of such rods ( Figure 6 ). It should be also noted that the localization of areas with various degrees of lipophilicity has been observed which is similar to that of other compounds mentioned above. The central part of these rod-like fragments consist of the hydrophilic tricyclic parts of molecules and surrounded by the hydrophobic shell with phenyl substituents of molecules. These compounds are of interest as such. Besides we have used them to verify our previous model based on the phenomenon of the localization of hydrophilic and hydrophobic regions in organic crystals [7] [8] [9] . It is known that such separation is observed in liquid crystals and in polymers. The ordered structures formed by block copolymers, 11 consisting of large blocks of mutually repulsive covalently bonded polymer chains are an examples of such type of segregation. Due to competition between the repulsion and attraction they are self-organized into microphase separated structures. Two chemically different blocks repel, which is the reason for most polymer mixtures to phase separate. 12, 13 The covalent bond prohibits phase separation at a macroscopic level. Simple A-block-B copolymers self-organize into various morphologies as illustrated in Figure 7 . 11, 14, 15 At low volume fractions of block A, φA, the system is initially disordered, i.e., the small A-block dissolves in the B-block. Increasing φA results in small spheres of A in the matrix of B formation. Upon further increase of the length of the A-block, the system undergoes a change from a spherical to a cylindrical morphology and finally to a lamellar microphase near φA = 0.5. More complex morphologies, such as the bicontinuous gyroid phase, perforated lamellae and the (metastable) modulated lamellae, [16] [17] are found in a narrow composition window between lamellae and cylinders for sufficiently small values of the FloryHuggins parameter χ AB  . This parameter describes the strength of the enthalpic interaction between A and B. 12 The research in the block copolymer field has evolved from simple diblock copolymers to triblock-and multiblock copolymers and to block copolymers of a more complex architecture such as star and comb copolymers. The above approach was used by us for the analysis of the supramolecular structure of organic crystals. It should be noted that this refers not only to compounds with a discrete distribution of hydrophilic and hydrophobic fragments in molecules, but also to molecules with their arbitrary distribution over molecular fragments. We have found the localization of hydrophilic and hydrophobic regions in crystals of phosphorus containing heterocyclic systems and have shown, 10 that the type of superstructure depends on the hydrophilic-hydrophobic volume ratio calculated for molecular fragments. In the compounds considered the superstructures spanning all possible types of superstructures -the completely hydrophilic structure, the packing of hydrophilic cylinders and spherical areas in the hydrophobic matrix, the lamellar type with alternating hydrophilic and hydrophobic layers and inverse structures down to the completely hydrophobic structure, have been observed. Further analysis of this phenomenon showed its versatility and applicability for the description of the supramolecular structure and topology of crystals. 18 A similar separation was observed in crystalline compounds belonging to other classes, in particular substituted calixresorcinearenes, 8, 19 carbocyclic compounds. 20 This allows to predict the possible topology of crystalline compounds not as yet obtained in the solid crystalline phase. In order to extend the data to a wider range of compounds we have carried out calculations for compounds which do not give single crystals suitable for X-ray single crystal diffraction (compounds 7, 8) . Table 1 demonstrates the data for compounds (1, 2, 3) as well as the data for compounds (4-6) published earlier. For compounds (7, 8) we shall try to predict the topological type of structure, possible for their crystals via the calculation of the ratio between hydrophilic and hydrophobic fragments based on the structural formula of these compounds. It is reasonable to assume that the distribution of such fragments should not depend on molecular conformations in a crystal. Further experiments on crystal growth and X-ray diffraction data will help to verify the validity of our asssumptions.
Summarizing the data in table 1 it might be noted that lamellar structures are typical for compounds (2, 1, 5), the calculations predict exactly this type of topology. Only for compound (3) the formation of cylindrical (column-like) hydrophilic supramolecular structures in the hydrophobic matrix is observed. For compounds (4) and (6) the analysis indicates the formation of more complicated perforated topology. The numerical data obtained for compounds (7) and (8) allows to assume the formation of cylindrical supramolecular structures in their crystals. 
Conclusions
On the basis of the data obtained it is possible to draw some important conclusions. The formation of flattened tricyclic fragments in compounds (2) with a nitro group substituent and in (1) with no substituent in a condensed benzene ring is observed. The conjugation in the tricyclic system is presumably the cause of its planarity. The shift of the electronic density from the methyl group in methyl-substituted compound (3) results in the decrease of conjugation degree and in tricyclic fragment twistening. This is evident from the greater degree of piramidality of the nitrogen atom and the elongation of the S-C bonds and of some other ones. The redistribution of electron density in the molecule (3) results in diminishing the dihedral angle between the plane of tricycle and the phenyl ring, i.e. to the conjugation of these fragments.
Apparently the system of hydrogen bonding in these compounds is first of all determined not by the type of the substituents, but by the presence of solvate molecules in crystals. On the whole, the formation of molecular dimers due to a couple of N-H...O type interactions is characteristic of compounds of a similar type. In most cases this results in the lack of other interactions. The presence of solvate molecules in the crystal hinders dimer formation and at the same time promotes various types of interactions in a crystal.
It is interesting to note, that an identical type of supramolecular structure is formed (layers of hydrogen-bonded molecules) in crystals with solvate molecules. The formation of cylindrical (rod-like) structure is characteristic of an individually crystallized compound (1) . Thus the factor of packing of molecules in a crystal appears the highest (0.71) for the nitro-substituted compound with DMF (2), a little bit lower for (1) with DMSO -0.67, and, apparently, the lowest for individual (3) . The disordering of phenyl substituents has not allowed calculating its value, however the presence of disordering as such can testify to the low packing coefficient of molecules in this crystal.
A common property of the investigated structures is the influence of amphiphilic properties of compounds on the packing of molecules, resulting in the localization of hydrophilic and hydrophobic areas in crystals and the formation of various types of superstructures. The type of superstructure depends on the hydrophilic-hydrophobic volume ratio, calculated for molecular fragments. The probable explanation for this fact is the tendency towards the formation of maximally extended domains, admissible and accessible for a given type of symmetry, with predominant hydrophilic or hydrophobic properties. The analysis of the distribution of the formed structures in the compounds under investigation and similar compounds, available in the Cambridge crystallographic database, suggest that the theory, developed for the description of microphase separation in polymeric heterogeneous systems, can be used not only for the analysis of the packing of molecules of organic compounds in a crystals, but also for the prediction of the type of molecular packing. The manifestation of the amphiphilic properties of molecules can be considered an additional principle of the formation of crystalline packing. 
